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SDUDPHWULFPRGHOLQJDQGSURJUDPPLQJ)OH[LELOLW\RIWKHGHVLJQSURFHVVDQGFRPSOH[LW\RIWKHIRUPVLWFDQRIIHUKDV
SXWSDUDPHWULFH[SORUDWLRQVLQWRWKH ILUVWFKRLFHZKHQFRQWHPSRUDU\DUFKLWHFWXUDOH[SUHVVLRQ LVGHVLUHG0RUHRYHU
PXOWLSOHLQWHUFRQQHFWLRQVDQGPXWXDOUHODWLRQVKLSEHWZHHQSDUDPHWHUVWRJHWKHUZLWKGRPDLQRIYDULDEOHVUHSUHVHQW
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HVSHFLDOO\IRUVPDOOSUDFWLFHVDQGGHVLJQFRPSHWLWLRQVZKHQPD\EHRQO\SDUWRIWKHVLPXODWLRQVDUHSHUIRUPHG)LQDOO\
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>@LWLVFUXFLDOIRUWKHDFFHOHUDWLRQRI
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LQFOXGLQJWKHP7KLVPHWKRGRORJ\SDUWLFXODUO\DGGUHVVHVLVVXHVRIGHVLJQGHFLVLRQPDNLQJODFNRINQRZOHGJHLQWKH
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FRPSXWDWLRQ WLPHVRIEODFNER[RSWLPL]DWLRQV ,WLVDGRSWHGVSHFLILFDOO\ IRU WKH HDUO\GHVLJQSKDVH WRLQWHUDFWLYHO\
DVVLVWXVHUVWRLPSURYHSHUIRUPDQFHVRIWKHLUVROXWLRQVLQWLPHHIILFLHQWPDQQHU
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%,39V\VWHPFRPSRQHQWVZLWKOLJKWWUDSSLQJIHDWXUHV7KHVHFRPSRQHQWVDUHFUHDWHGDVWRSRORJLFDOFRPSRQHQWVZLWK
VHOIVLPLODUSURSHUWLHVDQGZLWKGLIIHUHQWSHUIRUPDQFHVLQUHODWLRQWRLQFLGHQFHOLJKWDQJOH ,QWKLVSKDVHUREXVWDQG
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(YHU\FRPSRQHQWLVWKHQLWHUDWHGRYHUWKHZKROHGRPDLQRISRVVLEOHDQJOHVHWWLQJVGLVFUHWL]HGLQUHJXODUDQJOHVWHSV
2QO\WRSKHPLVSKHULFDODQJOHVZHUHWDNHQLQWRFRQVLGHUDWLRQDVPHWKRGRORJ\DVVXPHVWKDWFRPSOH[%,39VKRXOGQRW
EHRULHQWHGGRZQZDUGV$XWRPDWLRQVFULSWIRUFUHDWLQJNQRZOHGJHEDVHZDVGRQHLQ3\WKRQVFULSWLQJODQJXDJH7KLV
VFULSWWDNHVWKUHHDUJXPHQWVWKUHHD[HVDQGFRPELQHWKHPLQQHVWHGORRSVWRHQVXUHHDFKURWDWLRQVWHSRIHDFKWKUHH
D[HVDUHPXWXDOO\FRPELQHGWRIRUPDOOSRVVLEOHFRPELQDWLRQVDQGVWRUHVWKHPLQWHPSRUDU\GLFWLRQDU\$WWKHHQGRI
WKHSURFHVVWKHGLFWLRQDU\FRQWDLQLQJNH\YDOXHSDLUVRIRULHQWDWLRQDQGFXPXODWLYHLUUDGLDWLRQYDOXHVLVVWRUHGLQDQ
H[FHOILOH3HUIRUPDQFHVRIHDFKFRPSRQHQWZHUHVWRUHGLQVHSDUDWHVSUHDGVKHHWV
7KHVHFRQGSKDVHUHSUHVHQWVHDUO\GHVLJQSURFHVVDQGRSWLPL]DWLRQE\XVLQJGDWDIURPWKHNQRZOHGJHEDVHH[FHO
VKHHWV2SWLPL]DWLRQLVEDVHGRQFRPSDULQJYDOXHVRIHDFKFRPSRQHQWIRUWKHVDPHSDUWLFXODUSODFHDQGRULHQWDWLRQRQ
WKHFDEOHQHW$VVXPLQJWKDWXVHUPD\EHLQWHUHVWHGLQWZRGLIIHUHQWDSSURDFKHVRQHVWDUWLQJIURPGHVLUHGSDQHOLQJ
OD\RXWDQGRWKHUDFTXLULQJEHVWSHUIRUPLQJOD\RXWWRRORIIHUVWKHVHWZRPRGHVIRURSWLPL]DWLRQ)LUVWRQHLVPDQXDO
PRGHWKDWWDNHVLQLWLDOOD\RXWDVDVWDUWLQJSRLQWDFFRUGLQJWRWKHSUHYLRXVO\VHWSHUIRUPDQFHLQFUHPHQWSHUFHQWDJH
DQGXSRQUHTXHVWRIIHUVLQFUHPHQWDOO\RSWLPL]HGOD\RXWWRWKHXVHU,QWKLVZD\XVHUFDQXQGHUVWDQGZKHUHWKHZRUVW
SHUIRUPLQJSDQHOVDUHORFDWHGDQGLILQLWLDOOD\RXWVKRXOGEHPRGLILHGIRUWKDWLQFUHPHQWLQSHUIRUPDQFHRUQRW,QWKLV
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PRGHXVHUFDQH[SORUHHDFKRIWKHFRPSRQHQWVRQWKHOD\RXWVHSDUDWHO\DQGJHWDSUHYLHZRIWKHSHUIRUPDQFHVRIWKH
RWKHUWRSRORJLFDOFRPSRQHQWVIRUWKDWORFDWLRQDQGDQJOHVHWWLQJ$JDLQGHFLVLRQPDNLQJLVOHIWWRWKHXVHU6HFRQG
PRGHLVDXWRPDWLFDQGLWXSGDWHVSDQHOLQJOD\RXWZLWKHYHU\FKDQJHRILQLWLDOEDVHVXUIDFHRIFDEOHQHW,QWKLVZD\
XVHUFDQDOVRH[SORUHGLIIHUHQWIRUPVDQGKRZLWUHIOHFWVRQWKHSHUIRUPDQFH,IVRPHPRGLILFDWLRQLVQHHGHGWKLVPRGH
VKRXOGEHVZLWFKHGRIIDQGVKRXOGFRQWLQXHZLWKWKHVDPHSURFHGXUHDVLQPDQXDOPRGHEXWLQUHYHUVLEOHZD\PHDQLQJ
WKDWSHUIRUPDQFHVDUHGHFUHDVLQJLQWKHIDYRURIDHVWKHWLFV6LQFHLQWKLVVHFRQGSKDVHWRRORQO\UHDGVDQGFRPSDUHV
SHUIRUPDQFHYDOXHVIURPWKHNQRZOHGJHEDVHH[FHOVKHHWVSURFHVVLVYHU\WLPHHIILFLHQWDQGXVHULVQRWREVWUXFWHGE\
ORQJFRPSXWDWLRQWLPHQRUUHTXLUHVVXEVWDQWLDONQRZOHGJHLQSHUIRUPDQFHVLPXODWLRQ6LPSOLILHG3VHXGRFRGHRIWKH
H[SHUWV\VWHPWRROLVVKRZQRQ)LJ
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)RUWKHSXUSRVHRIWKLVSDSHURQHFULWHULDWRWDODQQXDOLUUDGLDWLRQRQ39VXUIDFHZDVFKRVHQWRH[SORUHDQGHYDOXDWH
SRVVLELOLWLHVRI WKH WRRO/DWHURQ LW LVSODQQHG WR LQFOXGH IX]]\ UXOH ORJLF WRVHWUXOHV IRU WRRO WREHDEOH WRPDNH
VXJJHVWLRQVIRULPSURYHPHQW)RUWKLVWLPHWKRXJKRQO\DQQXDOFXPXODWLYHUDGLDWLRQDQDO\VHVZHUHSHUIRUPHGWRDVVHW
HQHUJ\JHQHUDWLRQSRWHQWLDORIWLOHV7KLVLVGRQHE\VHWWLQJFRQYHUVLRQUDWHWRWKHYDOXHRIWRWDODQQXDOLUUDGLDWLRQDQG
WKHUHIRUHREWDLQLQJWRWDOHQHUJ\JHQHUDWLRQSRWHQWLDORIHDFKFRPSRQHQW6HSDUDWLQJWKLVYDOXHIURPGDWDEDVHVKRXOG
HOLPLQDWHXSGDWLQJWKHGDWDEDVHRQO\FRQYHUWLQJLWDWWKHHQGRIWKHSURFHVVDQGVKRXOGDOORZFDOFXODWLRQIRUGLIIHUHQW
39FHOOWHFKQRORJLHVDQGWKHLUFRQYHUVLRQUDWHVDFFRUGLQJO\
&DVHVWXG\DQGGHVFULSWLRQV
,QRUGHU WRGHPRQVWUDWHFDSDELOLW\RI WKHH[SHUW V\VWHP WRRO WRRSWLPL]HDQ\DUELWUDU\FRPSRQHQWJHRPHWU\DQG
SDQHOLQJOD\RXWRIDQ\DUELWUDU\IUHHIRUPVXUIDFHGRXEOHFXUYHGK\SHUEROLFSDUDERORLGFDEOHQHWVXUIDFHZDVFKRVHQ
DV D EDVH VXUIDFH DQG&RPSOH[)HQHVWUDWLRQ6\VWHP &)6ZHUH FKRVHQ DV SDQHO FRPSRQHQWV7RSRORJLFDO%,39
FRPSRQHQWVPDGH IURP&)6 UHFRJQL]HG E\ WKHLUKLJKO\ DQJOH GHSHQGHQW SURSHUWLHVKHOSHGJHWWLQJPRUH GLYHUVH
UHVXOWV DPRQJ FRPSRQHQWV 9DULDEOH SHUIRUPDQFHV RI WKH FRPSRQHQWV GHSHQGLQJ RQ WKH DQJOH VHWWLQJ LQVXUHG
LPSURYHPHQWLQWKHRYHUDOOSHUIRUPDQFHFRPSDULQJWRVLQJOHJOD]LQJDVHDFKRIWKHFRPSRQHQWVZHUHRSWLPL]HGIRU
SDUWLFXODUDQJOHRILQFLGHQFH,QWKLVZD\LWLVJXDUDQWHHGWKDWHDFKFRPSRQHQWKDVWKHEHVWYDOXHFRPSDULQJWRRWKHUV
LQVRPHSDUWVRIWKHGDWDEDVH0RUHRYHURSWLPL]LQJSHUIRUPDQFHVRIWKH&)6LVQRWWULYLDOWDVNDQGWKHLUFRPSXWDWLRQDO
WLPHLVPXFKJUDWHUFRPSDULQJWRVLPSOHJOD]LQJVRWKH\UHSUHVHQWLGHDOFKRLFHIRUFDVHVWXG\ZKHUHHIILFLHQW3%'LV
UHTXLUHG
*HRPHWU\ RI WKH EDVH FDEOH QHW VXUIDFH DQG &)6 ZDV PRGHOHG SDUDPHWULFDOO\ LQ WKH *UDVVKRSSHU SOXJLQ IRU
5KLQRFHURV ' XVLQJ YLVXDO SURJUDPPLQJ IHDWXUHV WR GHYHORS SDUDPHWULF GHILQLWLRQ VHH )LJ  7RS SDUW RI WKH
GHILQLWLRQVKRZVSDUDPHWULFHOHPHQWVFUHDWLQJWKHEDVHVXUIDFHZKLOHERWWRPSDUWVKRZVHOHPHQWIRUFUHDWLQJ&)6
FRPSRQHQWV2ULHQWDWLRQRI&)6SDUDPHWULFPHWDPRGHOLVGHILQHGE\WKHYDOXHVLQVOLGHUVUHSUHVHQWLQJWKUHHD[HV
7KLVZDVFUXFLDOIRUDXWRPDWLQJFUHDWLRQRINQRZOHGJHEDVHFKDQJLQJRQO\WKHVHVOLGHUV
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)LJ3DUDPHWULFGHILQLWLRQRI&)6LQWKH*UDVVKRSSHUSOXJLQIRU5KLQRFHURVG
&)6 FRPSRQHQWV DUHGHILQHGDV UHFWDQJXODU ER[HV HDFKZLWK WKH VDPHGLPHQVLRQ RI [[FPDQGZLWK WKH
YDULRXVJURYHV¶GLPHQVLRQVRQERWKVLGHV6RPHRIWKHWLOHVKDYHJURRYHVZLWKWKHH[WUXVLRQGLUHFWLRQRXWZDUGVDQG
VRPHLQZDUGV7RSVLGHKDVVPDOOHUJURRYHVDQGLWVIXQFWLRQLVWRFDSWXUHOLJKWZKLOHERWWRPVLGHKDVOHVVJURYHVDQG
SURYLGHVVROLGVXEVWUDWHVXUIDFHIRU39'HWDLOHGJHRPHWULFDOSDUDPHWHUVDUHVKRZQRQ)LJ


)LJ&RPSOH[%,39WLOHV
6LPXODWLRQSDUDPHWHUVDQGUHVXOWV
)RUWKHILUVWSKDVHVLPXODWLQJDQQXDOLUUDGLDWLRQOHYHOVRQ39VXUIDFHYDOLGDWHG5DGLDQFHGD\OLJKWLQJVLPXODWLRQ
>@ZDVXVHGLPSOHPHQWHGWKURXJKWKHWRROV/DG\EXJDQG+RQH\EHH>@,WDOORZHGVLPXODWLRQRI&)6FRPSRQHQWZLWK
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GLHOHFWULF UDGLDQFHPDWHULDO GHVFULSWLRQ WKDW WDNHV LQWR DFFRXQW )UHVQHO HTXDWLRQV DQG WRWDO UHIOHFWDQFH QHHGHG WR
VLPXODWHOLJKWWUDSSLQJJURRYHV3RLQWJULGZDVSODFHGEHKLQGWKH&)6DQGLQIURQWRIRSDTXHHOHPHQWGHVFULEHGE\
PLUURUUDGLDQFHPDWHULDO7KLVOD\HUHGVWUXFWXUHHQVXUHGOLJKWRQO\FRPHVWRWKH39VXUIDFHWKURXJK&)6'XHWRWKH
VPDOOGLIIHUHQFHLQLUUDGLDQFHYDOXHVWKDWFDQDSSHDUDPRQJSRLQWVLQWKHJULGSRLQWYDOXHVDUHDYHUDJHGDQGVWRUHGDV
DVLQJOHYDOXH
,QRUGHUWRSHUIRUPFRPSXWDWLRQDOO\WLPHHIILFLHQW\HWDFFXUDWHUHVXOWV*HQ&XPXODWLYH6N\PHWKRGZDVFKRVHQWR
JHQHUDWHDQDQQXDOFXPXODWLYHVN\YDXOWUDGLDQFHGLVWULEXWLRQLPDJH WKDWWKHUD\ WUDFLQJSURJUDPFDQUHIHUHQFHDW
VLPXODWLRQUXQWLPH>@VHH)LJD0HWKRGWDNHVLQIRUPDWLRQIURPDZHDWKHUGDWDILOHDQGFDOFXODWHVHSDUDWHO\
GLIIXVHDQGGLUHFWFRPSRQHQWDQGPHUJH LWDVD WRWDOUDGLDWLRQ IRUHYHU\GLVFUHWL]HG7UHJHQ]DVN\YDXOWSDWFK
/RFDWLRQIRUWKHVLPXODWLRQZDVVHWWR0LODQ,WDO\ZLWKZHDWKHUGDWDSURYLGHGE\15(/ZHEVLWH


)LJD)DOVHFRORULPDJHRIDQQXDOFXPXODWLYHVN\UDGLDQFHGLVWULEXWLRQIRU0LODQ,WDO\ESHUIRUPDQFHUHVXOWIRURQHRIWKHYDULDWLRQ
5HIHUHQW JOREDO KRUL]RQWDO LUUDGLDQFH IRU DQ XQREVWUXFWHG WHVW SRLQW XQGHU FUHDWHG DQQXDO FXPXODWLYH VN\ ZDV
.:KP7KLVYDOXHZDVWKHQFRPSDUHGZLWKWKHYDOXHVRQWKHSRLQWJULGXQGHU&)6DQGLWZDVFRQFOXGHG
WKDW&)6JHQHUDOO\LPSURYHVSHUIRUPDQFHVXSWRDURXQG,QWKH)LJERQHYDULDWLRQLQWKHNQRZOHGJHEDVHLV
SUHVHQWHGWRJHWKHUZLWKURWDWLRQDQJOHVDQGSHUIRUPDQFHUDQJH)LJVKRZVILUVWYDULDWLRQVZLWKWKHLUDVVRFLDWHG
YDOXHVDQGLWFDQEHFOHDUO\VHHQWKDWWLOHVDUHFRQVWDQWO\FKDQJLQJWKHLUOHDGLQJUROHRYHUWKHUDQJH,QWKLVSDUWRIWKH
NQRZOHGJH EDVH WLOHV  DQG  KDYH EHWWHU SHUIRUPDQFHV WKHQ RWKHUV *UDSK DOVR VKRZV SHUIRUPDQFHV FDQ YDU\
VLJQLILFDQWO\LQXQSUHGLFWDEOHZD\DQGWKHUHIRUHH[SHUWV\VWHPWRROLVH[SORLWHGWRIDFLOLWDWHGHFLVLRQPDNLQJ


)LJ9LVXDOL]DWLRQRIWKHILUVWYDULDWLRQVLQNQRZOHGJHEDVH
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&RQFOXVLRQ
6HFRQGSKDVHRIWKHPHWKRGRORJ\3%'XVLQJH[SHUWV\VWHPWRROKDVRQO\FRQILUPHGLPSURYHPHQWUDQJHLQWKH
NQRZOHGJHEDVHPHDQLQJSRVVLEOHLPSURYHPHQWFDQEHXSWRIRUWKLVUDQJHRIWLOHV,QWKH)LJWZRSDQHOLQJ
OD\RXWVDUHVKRZQ2QWKHOHIWOD\RXWLVFRPSRVHGRQO\RIIODWWLOHVIRUPLQJKRPRJHQRXVDSSHDUDQFH$IWHUWXUQLQJ
DXWRPDWLFPRGHRQWRROLPPHGLDWHO\VXJJHVWVLJQLILFDQWLPSURYHPHQWVVKRZQRQWKHULJKWVLGH,QWKLVFDVHOD\RXWLV
FRPSRVHGRIWKUHHGLIIHUHQWWLOHV7KLVRSWLPL]HGOD\RXWVHWXSFDQEHREWDLQHGVLPLODUO\E\DFFHSWLQJDOOVXJJHVWLRQV
LQLQFUHPHQWDORSWLPL]DWLRQLQWKHPDQXDOPRGH
7KHVH UHVXOWV FOHDUO\ GHPRQVWUDWH WKDW PHWKRGRORJ\ LV VXLWDEOH WR SURYLGH XVHU JXLGDQFH DQG RSWLPL]DWLRQ
HIILFLHQWO\)XUWKHUPRUHWZRVWHSSURFHVVH[SODLQHGLQWKLVSDSHUFDQEHH[SORLWHGDVDJHQHUDODSSURDFKWRGHVLJQLQJ
EXLOGLQJVZLWKRWKHUFRPSOH[DQGQRQFRPSOH[%,39HOHPHQWVZKHUHSURGXFHUVDQG39HQJLQHHUVFDQEHUHVSRQVLEOH
IRUWKHILUVWSKDVHOHDYLQJDUFKLWHFWIUHHGRPDQGVXSSRUWGXULQJWKHLU3%'SURFHVV)LQDOO\NQRZLQJWKHSHUIRUPDQFHV
DQGSRVVLEOHJUHDWEHQHILWRI%,39IURPWKHYHU\VWDUWFDQKHOSSHUVXDGLQJDUFKLWHFWVWRGHFLGHRQHPSOR\LQJWKHVH
WHFKQRORJLHVDQGOHDGSRWHQWLDOO\WRWKHDFFHOHUDWLRQRI%,39LPSOHPHQWDWLRQLQWKHPDUNHW

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